A screening study of the presence of metallo-␤-lactamases (IMP and VIM types and SPM-1) in isolates from different nonhospital sources was conducted, and it revealed the presence of bla VIM-2 , associated with the In58 class 1 integron, in two unrelated Pseudomonas aeruginosa strains from aquatic habitats. The results suggest that the hospital setting was the possible origin of these bla VIM-2 -carrying strains.
Metallo-␤-lactamases (MBLs) of the IMP and VIM types are emerging worldwide as a source of acquired carbapenem resistance in gram-negative bacteria, and they are compromising the efficacy of several ␤-lactam antibiotics. Recently, the new MBLs SPM-1 and GIM-1 have also emerged, which are restricted to Brazil and Germany, respectively (17) . During the last few years, several MBL-producing gram-negative bacteria have been reported in Portugal (2) (3) (4) 12) . These bacteria were classified either as organisms that produce IMP-5, which has been observed only in Acinetobacter baumannii (4) and Pseudomonas aeruginosa (A. Duarte, A. Brizio, F. Grosso, T. Conceição, and G. Da Silva, Abstr. 43rd Intersci. Conf. Antimicrob. Agents Chemother., abstr. C2-2024, 2003), or as organisms that produce VIM-2, the most commonly observed MBL, which is present in several isolates of P. aeruginosa (2, 12; L. Peixe, unpublished observation) and has recently been found in Klebsiella oxytoca (3) . Interestingly, these isolates were found almost exclusively in a hospital setting. Recently, a VIM-2-producing Pseudomonas pseudoalcaligenes strain was isolated outside hospital boundaries in a hospital sewage sample (11) , which indicated that MBLs could spread into new, previously unreported niches. The notion of the apparent confinement of these clinically relevant enzymes to bacteria present in a hospital setting may be the result of a strongly biased sampling effort. The role of nonclinical niches as a reservoir for bacteria that carry acquired MBL genes is still poorly established, and clearly there is a need for further evaluation.
Acquired MBL genes usually are present as gene cassettes that are inserted into integrons found in the chromosome or in plasmids (9) . Diverse bla VIM-2 -carrying integron structures are commonly observed in different countries. In Portugal, although several distinct integrons have been associated with the bla VIM-2 gene, In58 seems to be the most widespread integron (Peixe, unpublished observation). The recently discovered association of integrons carrying these genes with transposonlike structures (15) may account for their variable locations and spread.
In this study, the presence of acquired MBLs (IMP and VIM types and SPM-1) in gram-negative bacilli obtained from nonhospital sources in northern Portugal between 2001 and 2005 was evaluated in order to obtain epidemiological data on the dissemination of these enzymes.
Twenty-four samples from healthy human volunteer feces, 83 samples from ambulatory patients, 30 samples from poultry skin (from the main brands sold in Portugal), 4 samples from swine feces, 13 samples from rivers, and 29 samples from urban sewage that received hospital wastewater (14 samples from upstream of the hospital wastewater discharge site and 15 samples from downstream of the hospital wastewater discharge site) were collected and used to screen for MBL production. Sample aliquots were plated on MacConkey agar and/or Pyocyanosel agar (Oxoid, Basingstoke, United Kingdom) supplemented with imipenem (2 g/ml; Merck, Sharpe & Dohme, Portugal), and colonies having different morphologies were collected. Species identification was performed with API 32GN (bioMérieux, Marcy l'Étoile, France). Imipenem susceptibility was evaluated by the disk diffusion method (7) . The MICs of ␤-lactam antibiotics for VIM-2 producers were determined by the Etest method (AB Biodisk, Solna, Sweden), and the susceptibilities to aminoglycosides and ciprofloxacin were determined by the disk diffusion method for some strains (7) .
Isolates that were grown on MacConkey agar and/or Pyocyanosel agar supplemented with imipenem were evaluated for MBL production by a disk diffusion test (18) . An increase (Ͼ2 mm) in the inhibition zone around an imipenem disk with EDTA was used as a preliminary criterion for detection of metallo-␤-lactamases. Dot blot hybridization was also performed with all of the isolates in order to detect the presence of MBL genes. Chromosomal DNA was transferred to a Hybond N ϩ nylon membrane (Amersham Pharmacia Biotech, Orsay, France) and hybridized to bla VIM -, bla IMP -, and bla SPM-1 -specific probes generated by PCR. Labeling and detection were performed with the ECL Random Prime labeling and detection system (Amersham Life Science) by following the manufacturer's instructions. A multiplex PCR assay with bla VIM -and bla IMP -specific primers was also used (2, 13). The MBL genetic context was characterized by PCR using class 1 integron-specific primers (5) and sequencing. Clonal relatedness among isolates was assessed by pulsed-field gel electrophoresis (PFGE) using SpeI (New England Biolabs, Izasa, Portugal). Additional comparisons were performed by using a Portuguese VIM-2-producing P. aeruginosa hospital strain collection. Total DNA digestion with the I-CeuI enzyme (New England Biolabs, Izasa, Portugal), separation by PFGE, and hybridization with bla VIM-2 and rRNA probes, as described previously (12) , were performed in order to assess the genetic location of bla VIM-2 .
A total of 273 gram-negative bacilli (21 lactose fermenters and 252 strains that did not ferment lactose) were isolated from the different sources used in the multidimensional screening for MBLs. All poultry isolates (n ϭ 56) showed imipenem susceptibility. Decreased susceptibility to imipenem (isolates exhibiting resistance and intermediate susceptibility) was observed for 74 isolates from sewage (8 isolates from urban sewage and 17 isolates from sewage receiving hospital wastewater), rivers (17 isolates), swine feces (12 isolates), ambulatory patients (10 isolates), and healthy volunteer feces (10 isolates). Fifty-six of these isolates were putative MBL producers as determined by the disk diffusion test (24 isolates from sewage, 17 isolates from rivers, 7 isolates from swine feces, 7 isolates from ambulatory patients, and 1 isolate from a healthy human). The bla IMP and bla SPM-1 genes were not detected in any of these isolates. However, two P. aeruginosa isolates (strain R2, obtained from a river, and strain E58, obtained from sewage downstream from the Hospital Porto 1 discharge site) showed a hybridization signal with the bla VIM probe. It is important to stress that these two isolates were collected from geographically distant locations and that there was no physical link between the two aquatic ecosystems. The R2 and E58 strains exhibited resistance to imipenem (Ͼ32 g/ml and 16 g/ml, respectively) and cefepime (Ͼ32 g/ml), intermediate susceptibility to ceftazidime (16 g/ml), and variable susceptibility to meropenem (8 g/ml and 1 g/ml, respectively), but they remained susceptible to piperacillin (16 g/ml), piperacillin-tazobactam (16 g/ml), and aztreonam (4 g/ml). The R2 isolate also exhibited resistance to ciprofloxacin. The two isolates were also resistant to tobramycin, gentamicin, amikacin, and netilmicin, and they had the corresponding aminoglycoside-modifying enzyme genes located in an integron which contained the bla VIM-2 gene. Sequencing resulted in identification of this integron as In58. This class 1 integron contains four gene cassettes: aacA7 in the first position, followed by the bla VIM-2 gene cassette, an aacC1 gene cassette, and an aacA4 gene cassette (10) . The I-CeuI technique results revealed a chromosomal location for the bla VIM-2 gene (data not shown). PFGE of the two environmental P. aeruginosa VIM-2 producers resulted in distinct genomic fingerprints (Fig. 1) . Nevertheless, there was a difference in five bands between the R2 strain and a VIM-2-producing P. aeruginosa clinical isolate (IPO-3) from a hospital (Hospital Porto 2) (Fig. 1) , suggesting possible genetic relatedness (14) , even though there was no physical connection between the river and hospital from which the strains were isolated.
It seems clear that MBL resistance genes have already crossed hospital boundaries, reinforcing the possible role of the aquatic environment as a reservoir for carbapenemase genes (1, 11) . The "sewage habitat" has to be considered a gathering place for many bacterial species with distinct resistance profiles (6) , and it has great potential for bacterial dissemination downstream into rivers (8) and coastal waters. Since sewage treatment plants are currently inefficient for selective elimination of bacteria (16) and since Pseudomonas spp. are ubiquitous and extremely adaptable, there seem to be few obstacles to the persistence and transfer of resistance genes, such as bla VIM-2 .
